Summary. The interaction of nuclear protein extracted from rat liver and 5'-flanking DNA of the human insulin receptor gene was investigated with the aid of gel mobility shift analysis. When 5'-flanking DNA (-1255/-1206 or -385/-345 base pairs) was incubated with nuclear protein, two or three 32p-DNA species (protein binding DNA fragment(s) and free DNA fragment) were detected. These bands did not disappear in spite of increasing amounts of synthetic poly(dI-dC), showing that nuclear protein binds specifically to 5'-flanking DNA of the insulin receptor gene. Increasing amounts of long terminal repeat of mouse mammary tumour xdrus resulted in a reciprocal decrease in madear protein binding to 5'-flanking DNA of insulin receptor gene. These results suggest that 5'-flanking DNA of insulin receptor gene binds to the same nuclear protein to which long terminal repeat of mouse mammary tumour binds.
Glucocorticoid has the effect of increasing the number of insulin receptors on the surface of various cells. We have previously shown that glucocorticoid stimulates de novo synthesis of insulin receptor mRNA [1] . Recently, it has been reported that glucocorticoid receptor complex interacts with glucocorticoid responsive elements (GRE) on DNA and causes either an increase or decrease in the transcription of several genes. We attempted to elucidate whether or not the glucocorticoid receptor binds to Y-flanking DNAs of the insulin receptor.
Mamula et al. [2] and Araki et al. [3] reported the 5'-flanking DNA sequence of the human insulin receptor gene. However, there has been little information about the mechanism(s) by which glucocorticoid increases insulin receptor mRNA.
Recently, gel mobility shift analysis has been effectively used to study the interaction of purified regulatory proteins with specific DNA sequences [4, 5] . This procedure is based on the observation that DNA-protein complexes have a decreased electrophoretic mobility compared with the unbound DNA fragment. More recently this technique has been applied to impure protein preparations to which a synthetic duplex DNA polymer, poly(dI-dC), is added to inhibit nonspecific DNA-protein interactions [6] .
In this study using gel mobility shift analysis, we provide evidence that a protein(s) binds to DNA between -1255 and -1206, and -385 and -345 relative to the cap site of the human insulin receptor gene, which contains good consensus sequence of the glucocorticoid receptor binding site. This protein also binds to long terminal repeal: (LTR) of mouse mammary tumour virus (MMTV) which is known to bind to the glucocorticoid receptor.
Materials and methods

Chemicals
(x-32p dCTP (3000 Ci/mmol) was obtained from Amersham (Arlington Heights, IL, USA). Acrylamide (ultrapure grade) and protease inhibitors (PMSF, pepstein A, spermidin) were purchased from Sigma (St.Louis, MO, USA), DNA polymerase I (Klenow fragment) and dNTPs from Takara Shuzo Co. (Kyoto, Japan), Poly(dI-dC) (approximate 6600 base pairs (bp)) from Pharmacia (Uppsala, Sweden). The other reagents were from Sigma. (Table 1 ). They were subsequently purified by polyacrylamide gels, and were designed for hybridization. Then, the hybridized oligonucleotides were converted fully double-stranded and simultaneously were labelled in a full-in reaction using DNA polymerase I Klenow fragment and labelled or unlabelled dCTP. They were purified by using a Sephadex G-50 column (Table 1) .
Extraction of nuclear protein
Cell nuclei were isolated from male Sprague-Dawley rat liver by homogenizing in a Dounce homogenizer, and obtained by centrifugation at 800 g for 10 min. Crude nuclei were resuspended in a buffer containing 20mmol/1 HEPES (pH7.9), 25% glycerol, 0.5reel/1 NaC1, 1.5 mmol/l MgCI2, 0.2 mmol/l EDTA2Na 0.5 mmol/1 phenylmethylsnlfonyl fluoride (PMSF), 0.5 ~g/ml pepstein A, 1.28 gg/ml spermidine and 0.5 mmol/1 DTT [7] . The suspension was stirred gently for 60 rain and then centrifuged for 30 rain at 25 000 g. Subsequently, the nuclear extracts were dialysed at 4~ against a buffer containing 10mmol/1 Tris-HC1 (pH7.5), 10% glycerol, 50 mmol/l NaC1, 1 mmol/1 EDTA2Na 0.5 mmol/1 PMSF, 0.5 gg/ml pepstein A and 0.5 mmol/1 DTI', and stored in small aliquots at -80 ~ C. Freshly thawed materials were used for each experiment.
Assay of DNA-protein binding gel electrophoresis
The D NA fragment A or B (approximately 8000-10 000 cpm; 0.012 or 0.010 ng) was incubated with varying amounts of nuclear extract protein (1 ~tg to 12 p~g) at 25~ for 30 min in 25 lxl of the dialysis buffer and 4 lxg of duplex poly(dI-dC). The samples were loaded onto 4% polyacrylamide gel (acrylamide :bisacrylamid, 30:1) which had been pre-electrophoresed for 30 min at 4~ using buffer containing 6.7 mmol/1 Tris-HC1 (pH7.5), 3.3 mmol/1 sodium acetate, and 1 mmol/1 EDTA2Na [8] . The electrophoresis was performed at 4~ for 60 min at a voltage gradient of about 10 V/cm with rapid buffer circulation. After electrophoresis, the gel was dried by using Cell Slab dryer (Bio Rad, Richmond, Calif, USA), and was autoradiographed at -8 0~ for 6-20 h using Kodak X-Omat AR film and a Du Pont intensifying screen (Du Pont, Newtown, MA, USA). In the competition experiments, the conditions were as described above except for varying the ratio of unlabelled DNA fragment C (A or B:C, 1:0, 1:5, 1:25, 1:125). Figure 1 a (lanes 1-5) displays the results obtained by incubating varying amounts of nuclear protein extracted from rat liver with 3zp-labelled 5'-flanking DNA of the human insulin receptor gene (fragment A -385/-345), with or without poly(dI-dC). When fragment A was incubated with nuclear protein, three 32p_ DNA species were detected (lanes 2-5). The upper two bands correspond to the DNA bound to protein, and the lower to free DNA. The two upper bands did not disappear despite increasing the amounts of poly(dI-dC) (data not shown). This shows that nuclear protein specifically binds to 5'-flanking DNA of insulin receptor gene. When fragment B(-1255/-1206) was investigated instead of fragment A, three 32p-DNA species were detected ( Fig. 1 b, lanes 2-4) . 1-4) . The fact that increasing amounts of LTR of MMTV resulted in a reciprocal decrease in nuclear protein binding to 5'-flanking DNA of insulin receptor gene suggests that fragment A or B and fragment C bind to same protein.
Results
The interaction of nuclear protein and 5'-flanking DNA of the human insulin receptor gene
Competition experiments between 5,-flanking DNA of the human insulin receptor gene and long terminal repeat of mouse mammary tumour virus
Discussion
Recently, the promoter region of human insulin receptor gene was sequenced by Araki et al. [3] and Mamula et al. [2] . According to their reports, the nucleotide sequence upstream of the human insulin receptor gene contains six GGGCGG sequences that may be binding sites for the transcription factor Spl, but does not contain a TATA box or CAAT box. This type of promoter is seen in some "housekeeping" and "growth-control" genes such as the epidermal growth factor receptor. However, the regulatory mechanism(s) of insulin receptor gene expression remains unclear. Several lines of evidence suggest that some genes are regulated by the binding of regulatory protein(s) to the promoter region [8] . Thus, it seems to be important to investigate whether nuclear protein binds to 5'-flanking DNA of insulin receptor gene.
In this study, we have demonstrated that nuclear protein extracted from rat liver binds to 5'-flanking DNA of the insulin receptor gene. Since synthesized 5'-flanking DNA fragments contain good consensus sequence of the glucocorticoid receptor binding site [9] , the possibility that synthesized DNA bound to the same nuclear protein to which LTR of MMTV is bound is highly likely. Interestingly, increasing amounts of LTR of MMTV resulted in a reciprocal decrease in nuclear protein binding to 5'-flanking DNA of the insulin receptor gene. In addition, when the amount of nuclear protein was halved, this phenomenon was more marked.
These results suggest that fragmentA(-385/-345bp) or fragment B(-1255/-1206bp) and fragment C (LTR of MMTV) bind to same protein(s). There are two possibilities; one is that this nuclear protein is the glucocorticoid-receptor complex itself; the other is that the protein interacts with the glucocorticoid-receptor complex, followed by binding to GRE. The data obtained by in vivo footprinting suggest that the glucocorticoid-receptor enhances NF-I binding or interacts with NF-I to form a transcription complex which then activates the expression of the MMTV promoter [10] . Several proteins may interact with each other and form complexes which bind to glucocorticoid responsive elements. Thus, the protein(s) detected in this study might be one of these.
In summary, using gel mobility shift analysis, the interaction of nuclear protein and 5'-flanking DNA of insulin receptor gene was investigated and it was suggested that 5'-flanking DNA of insulin receptor gene binds to the same nuclear protein to which LTR of MMTV binds.
